Experimental Section

Materials
Diphenyl ether, p-phenylenediamine, polystyrene (PS, MW=35,000), poly(methyl methacrylate) (PMMA, MW=350,000), poly(ethylene glycol) (PEG, MW=7,0009,000) were purchased from Alfa Aesar. Poly(vinyl pyrrolidone) (PVP, MW=10,000) was obtained from Fluka. Benzyl alcohol, 1-hexanol, 1-octanol, poly(vinyl alcohol) (PVA, MW=89,00098,000) was provided by Aldrich.
The organic solvents of carbon tetrachloride, toluene, chloroform, acetone, N,Ndimethylformamide, methanol and ethanol were purchased from Pharmco and used directly.
Synthesis of carbon dots
In a three-neck, round bottomed flask with reflux condensation system, diphenyl ether (15 mL) was heated to 250°C. p-Phenylenediamine (0.20 g, 1.8 mmol ) was dispersed in diphenyl ether (1 mL) and heated to 80°C to completely dissolve. Then the p-phenylenediamine solution was quickly injected into the flask. The mixture was kept at 250°C for 8h and then cooled down to room temperature. The mixture was poured into hexane (100 mL) to precipitate. Then the whole mixture was centrifuged at 4000 rpm for 20 min. After repeating the precipitation and centrifugation process for three times, 0.164 g of black powder was obtained. The yield was normally around 85-90%. CD/PVA film 0.50 g PVA was mixed with 1 mL CD solution (1.0 mg in water) and heated to 80°C to be completely dissolved. The obtained mixture was transferred into a clean glass vial and dried overnight under ambient circumstances to get the composite film for red emission.
Characterizations
The fluorescence spectra were collected using a Horiba Jobin Yvon Fluorolog-3
Spectrofluorometer. The UV−vis absorption spectra were measured on a PerkinElmer Lambda 25 UV-vis spectrometer. Transmission electron microscope (TEM) images were recorded on TECNAI F20. Atomic force microscopy (AFM) images were obtained with Veeco DI-3100 instrument. The FTIR spectra were measured on a Thermo Scientific SMART FTIR spectrometer.
X-ray photoelectron spectroscopy (XPS) was conducted on an ESCALAB250 spectrometer. The fluorescence lifetimes of the CDs in different solvents were measured on Edinburgh Analytical Instrument FLS 920 time-resolved spectrofluorometer (UK).
Quantum yield (QY) measurement
QYs of the CDs in different solvents were determined based on reference dyes with known QYs according to a published method 1-2 . Specifically, Rhodamine 6G with QY 95% in ethanol was used for the measurements of the emission range of 500560 nm (for CDs in CCl 4 , toluene, CHCl 3 , acetone, and DMF). Rhodamine B with QY 56% in ethanol was used for the emission range of 580-615 nm (for CDs in methanol, ethanol, benzyl alcohol, 1-hexanol, 1-octanol, and τ n and A n are the lifetime and amplitude of the n th component; τ avg is the average lifetime. τ n and A n are the lifetime and amplitude of the n th component; τ avg is the average lifetime. 
